Numerical Model of Energy Foundation Behavior: The Prototype of a Geothermal Micro-pile  by Ronchi, Federica et al.
 Procedia Engineering  158 ( 2016 )  326 – 331 
1877-7058 © 2016 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under the responsibility of the organizing and scientific committees of CNRIG2016
doi: 10.1016/j.proeng.2016.08.450 
ScienceDirect











HQWKDOS\ JHRWKHUPDO HQHUJ\ LQ H[LVWLQJ EXLOGLQJV ,Q WKLV LQYHVWLJDWLRQ PLFURSLOHV DUH HTXLSSHG ZLWK D SULPDU\ FLUFXLW RI D
WUDGLWLRQDO*6+3V\VWHPZKHUHWKHFLUFXODWLRQRIDKHDWFDUULHUIOXLGLHJO\FROLFZDWHUSHUPLWVDWKHUPDOLQWHUDFWLRQZLWKWKH















© 2016 The Authors. Published by lsevier td. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under the responsibility of the organizing and scientific committees of CNRIG2016
327 Federica Ronchi et al. /  Procedia Engineering  158 ( 2016 )  326 – 331 
H[SORLWLQJ JHRWKHUPDO HQHUJ\ DUH EDVHG RQ WKH XVH RI *6+3V *URXQG6RXUFH +HDW 3XPSV FRPELQHG ZLWK




PLFURSLOHV ZKLFK DUH YHU\ DSSHDOLQJ IRU WKHLU UHODWLYHO\ ORZFRVW DQG VLPSOH LQVWDOODWLRQ SURFHGXUHV 7KH WHUP
³PLFURSLOH´ LV XVHG WR GHQRWH UHSODFHPHQW SLOHV KDYLQJ D GLDPHWHU LQ JHQHUDO RI OHVV WKDQ  PP 7KH\ KDYH
EHFRPH LQFUHDVLQJO\ SRSXODU WKURXJKRXW WKH ZRUOG VLQFH WKHLU LQFHSWLRQ LQ ,WDO\ LQ  ZKHQ LQQRYDWLYH DQG
UHOLDEOHPHWKRGVRIXQGHUSLQQLQJKLVWRULFEXLOGLQJVDQGPRQXPHQWVZHUHEHLQJVRXJKWLQWKDWZDUGDPDJHGFRXQWU\








VSHFLILF KHDW IOX[ HYROXWLRQ ZLWK WLPH DQG IURP D PHFKDQLFDO SRLQW RI YLHZ LQ WHUPV RI SLOH DQG VRLO WKHUPDO







PH[FHSW IRU WKH WLS WKDW LQRQHFDVH SURWRW\SH3 LVFKDUDFWHUL]HGE\DFRSSHUFRLOZKLFK LVZRXQG LQD




H[SHULPHQWDO ILHOG DV VKRZQ LQ )LJXUH E7KH FHQWUDO DOLJQPHQW LV FRQVWLWXWHG E\ WKH WKUHH LQVWUXPHQWHGPLFUR
SLOHV QDPHO\ WKH  SURWRW\SHV 3 DQG 3 DQG  WUDGLWLRQDO PLFURSLOH 37 7KH WZR H[WHUQDO DOLJQPHQWV DUH
FRQVWLWXWHGE\QRQLQVWUXPHQWHGPLFURSLOHV3&DQGXVHGRQO\DVFRQWUDVWLQWKHORDGLQJIUDPH
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'LIIHUHQWW\SHVRIVHQVRUVKDYHEHHQDGRSWHGWRPRQLWRUWKH7KHUPR+\GUR0HFKDQLFDO7+0EHKDYLRURIWKH
V\VWHPGXULQJ LWV IXQFWLRQLQJXQGHUGLIIHUHQW W\SHVRI ORDGLQJ ,QSDUWLFXODU HDFKRI WKH LQVWUXPHQWHGPLFURSLOHV
373DQG3KDVEHHQHTXLSSHGZLWKORDGFHOOGLDOLQGLFDWRUPRQRD[LDOVWUDLQJDXJHV7KHSURWRW\SHV
3 DQG3 KDYH EHHQ DOVR HTXLSSHGZLWK 57'V 5HVLVWDQFH7HPSHUDWXUH'HWHFWRUV SRVLWLRQHG DW GLIIHUHQW
GHSWKV,QDGGLWLRQPRUH57'VDQGSLH]RPHWULFFHOOVKDYHEHHQSODFHGDORQJVRLOYHUWLFDOVORFDWHGQHDUWKH








FDUULHG RXW RQ WKH SURWRW\SH 3 >@ %\ VHWWLQJ WKH UDWH RI WKH LQOHW IOXLG IORZ DQG WKH SUHVVXUH V\VWHP HTXDO
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0DWHULDO 6SHFLILF+HDW-NJ. 7KHUPDO&RQGXFWLYLW\:P. 'HQVLW\NJP
6LOW   
0RUWDU   
6WHHO   
+'3(SLSH   




)LJ)(YV757UHVXOWVHYROXWLRQZLWK WLPHRID LQOHWDQGRXWOHWKHDWFDUULHUIOXLGWHPSHUDWXUHE WHPSHUDWXUHDWPDQGPGHSWK
DORQJ3FWHPSHUDWXUHDWPPDQGPGHSWKDORQJWKHVRLOYHUWLFDO'
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)URPDTXDOLWDWLYHDQGTXDQWLWDWLYHSRLQWRIYLHZDJRRGDJUHHPHQWEHWZHHQQXPHULFDODQGH[SHULPHQWDOUHVXOWV





6WDUWLQJ IURP WKH ILUVW YDOLGDWLRQ RI WKH PRGHO GHVFULEHG LQ WKH DERYH 6HFW  D VLPXODWLRQ ZLWK D FRQVWDQW
WHPSHUDWXUHRI WKHKHDWFDUULHU IOXLGDW WKH LQOHWSRLQWRI WKHFLUFXODWLRQSLSHRI&±IRUD WRWDOGXUDWLRQRI WKH





$V VKRZQ LQ )LJXUH  WKH V\VWHP UHVSRQVH LV FKDUDFWHUL]HG E\ D FRQVWDQW WHPSHUDWXUH GLIIHUHQFH RI WKH KHDW
FDUULHUIOXLGEHWZHHQLQOHWDQGRXWOHWRIDERXW&DQGE\DOPRVWWKHVDPHWHPSHUDWXUHRIDERXW&DORQJWKHSLOH




)LJ (YROXWLRQZLWK WLPHRI D LQOHW DQGRXWOHW KHDWFDUULHU IOXLG WHPSHUDWXUH EPLFURSLOH WHPSHUDWXUHDW PDQG PGHSWK F VRLO
WHPSHUDWXUHDWPPDQGPGHSWK




7KH WKHUPDOEHKDYLRU RI DQ HQHUJ\PLFURSLOH SURWRW\SH UHFHQWO\GHYHORSHG DQG FXUUHQWO\ XQGHU WHVWLQJ DW WKH
(QJLQHHULQJ&DPSXVRIWKH8QLYHUVLW\RI3HUXJLDKDVEHHQDQDO\]HGZLWK')LQLWH(OHPHQWPRGHOLQJ
7KHQXPHULFDODQDO\VLVFRQGXFWHGVLPXODWLQJUHDORSHUDWLQJFRQGLWLRQVRI WKHSURWRW\SH LQ WKHVXPPHUUHJLPH
KDVVKRZQWKDWWKHSHUIRUPDQFHRIHQHUJ\PLFURSLOHVHYHQLIORZHUWKDQWKDWRIWUDGLWLRQDOSLOHVLVHQFRXUDJLQJWR
SUHGLFWWKHLUXVHLQ+9$&V\VWHPV
$ VHULHV RI IXUWKHU H[SHULPHQWDO WHVWV DV ZHOO DV QXPHULFDO DQDO\VHV ZLOO EH SHUIRUPHG RQ WKH JHRWKHUPDO
SURWRW\SHVWRFRQWLQXHYHULI\LQJWKHUHVXOWVREWDLQHGERWKIURPDQHQHUJHWLFDQGDPHFKDQLFDOSRLQWRIYLHZ

















>@'6DOFLDULQL ) 5RQFKL 1 &DYDODJOL $ $TXLQR $ 3HWUR]]L ) &RWDQD & 7DPDJQLQL )LUVW UHVXOWV RQ WKH HQHUJ\ UHVSRQVH RI D QHZ
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